[10191/3525] 



INTERFEROMETRIC MEASURING DEVICE 
Field Of The Invention 

The present invention relates to an interferometric measuring device for measuring the 
surface of an object by depth scanning, having a short^coherent light source, the emitted light 
of which is guided to a beam splitter for producing an object beam which is directed via an 
5 object beam path to the object and a reference beam which is directed via a reference beam 

path to a reference surface, having an image recorder for recording the light reflected back by 
the object surface and by the reference surface and combined for interference, and having an 
evaluation device for determining the surface shape. 

10 Background Information 

Interferometric measuring devices of this type, usually described as white light 
interferometers, are known in various embodiments, for which reference may be made, for 
example, to German Patent Application Nos. DE 100 47 495, DE 101 31 780, DE 100 39 239 
and DE 101 31 779, including the additional publications cited in these documents. All of 

15 these interferometric measuring devices have in common that for the depth scanning of the 

surface the object light path is adjusted in relation to the reference light path by a unit moving 
the object, the optical scanning device, or the reference surface in the depth scanning 
direction (z-direction). It is known that interference phenomena occur only within the 
coherence length of the light emitted by the light source, which is, for example, in the range 

20 of a few micrometers. The shape of the surface is measured, for example, by determining the 
maximum interference using the evaluation device; however, other evaluation criteria are also 
conceivable. In order to obtain precise results, the actuating unit designed as an actuating 
mechanism or a piezoelectrically operated unit must, in particular, be precisely adjusted and 
made insensitive to external influences such as those occurring in a manufacturing process, in 

25 particular. 

An object of the present invention is to provide an interferometric measuring device of the 
type defined above, which provides depth scanning which is as insensitive as possible. 
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Summary Of The Invention 

This object is achieved with the features according to the present invention. It is 
accordingly provided that at least one active optical element that may be influenced by an 
electrical and/or magnetic field is placed in the object beam path and/or the reference beam 
5 path, it being possible to use it to change the optical length of the object light path in relation 
to the optical length of the reference light path for the depth scanning. 

This design of the measuring device including the active optical element causes the depth 
scanning to be performed without mechanically moved parts, thus avoiding malfunctions 
10 relating thereto. The depth scanning of the object surface is solely brought about by activating 
the at least one optical element, the activation signal making it easy to select the suitable 
scanning mode and facilitating the analysis. 

An advantageous embodiment includes using at least one electro-optical element as an 
15 active optical element. For example, an electrically actuatable crystal such as is known from 
P. Ney, A. Maillard and M.D. Fontana, J. Opt. Soc. Am. B/Vol. 7, No. 7/July 2000, pages 
1158 through 1 165, may be used for this purpose. 

Another advantageous embodiment for improving the measured results includes placing at 
20 least one active optical element in the first beam path for changing the optical light path for 

the depth scanning and placing at least one other active optical element in the other beam path 
for a color error correction and/or an imaging error correction. 

Specifically influencing the scanning wave front is made possible by applying a non- 
25 homogeneous electrical field to the at least one active optical element for deforming the 
relevant wavefront in a controlled manner, thus making it possible to specifically tune to 
properties of the surface during the scanning. 

Another adaptation to the particular measuring task may be achieved by manufacturing the at 
30 least one active optical element to have a non-homogeneous optical density for influencing of 
the wavefront in a controlled manner. The non-homogeneous optical density may be 
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achieved, for example, by suitable doping, similar to that which is known for GRIN lenses. 

Furthermore, it is possible to specifically adapt the beam path during scanning in that the at 
least one optical element is a lens, lens system, part of a lens system or at least part of light- 
5 deflecting optical media. 

Brief Description Of The Drawings 

Figure 1 shows a schematic view of an interferometric measuring device having an active 
optical element situated in an object beam path. 

10 

Figure 2 shows a schematic view of another interferometric measuring device having active 
optical elements situated in the reference beam path. 

Detailed Description 

15 As shown in Figure 1 , the interferometric measuring device, which is designed in particular 
as a white light interferometer, has a light source LQ and a beam splitter ST for forming an 
object beam path OG leading to the surface OF of a measuring object O and a reference beam 
path RG leading to a reference surface R from the light emitted by light source LQ. The light 
beams reflected by object surface OF and reference surface R are superimposed and interfere 

20 at, for example, beam splitter ST or at another suitable location if the optical path lengths of 
object beam path OG and of reference beam path RG are within the coherence length of the 
light of light source LQ (or if necessary, of the spectrally adjusted light). The coherence 
length is, for example, in the range of several or several tens or hundreds of micrometers. The 
maximum interference contrast is achieved when object beam path OG and reference beam 

25 path RG have the same optical path length. The superimposed light is supplied to an image 
recorder BA, in particular a camera (CCD camera or CMOS camera), and analyzed in a 
connected evaluation device A with respect to the shape of scanned object surface OF. As a 
surface shape, it is possible to record, for example, a surface roughness and/or desired surface 
contours in order to obtain a three-dimensional measurement of the object surface. In order to 

30 adapt the beam path to object surface OF, a suitable lens system L is situated in object beam 
path OG, it being possible to combine it with additional optical elements as is explained in 
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greater detail in the publications cited above. Optical elements of this type may also be 
situated in the reference beam path RG. 



As Figure 1 further shows, an active optical element AOE is situated in object beam path OG 
5 to produce the depth scanning (z-direction) of object surface OF, it being possible to 

specifically vary the optical wavelength of object beam path OG in relation to reference beam 
path RG using active optical element AOE. In the present case, this is, for example, an 
electro-optically active crystal, the refractive properties of which are suitably controlled using 
an electric voltage signal or the electrical field resulting therefrom, as is known from the 

10 article by P. Ney et al in J. Opt. Soc. Am., 2000, pages 1158 through 1 165 cited above. 
Similar electro-optically active elements may also be used. In addition, electromagnetic or 
magnetically influenceable active optical elements may be considered. The activation signal 
may be easily formed for a suitable activation of active optical element AOE and also 
synchronized with the analysis in evaluation device A and with the activation of image 

15 recorder BA. Tuning to a lateral scan of object surface OF in the x and y direction may also 
be easily performed. 

Figure 2 shows an alternative embodiment of the interferometric measuring device, an active 
optical element AOE' being positioned in reference beam path RG. Active optical element 
20 AOE' in reference beam path RG may be used to compensate for color errors or other 

imaging errors of active optical element AOE present in object beam path OG when used in 
combination with it, and/or it may also be used to change the optical wavelength of reference 
beam path RG in relation to the optical wavelength of object beam path OG. 



25 Additional possible embodiments provide that lens system L is at least partially designed as 
an active optical element AOE. In addition, it is also possible to produce a combination with 
other, for example, deflecting optical elements in order to achieve a suitable adaptation to a 
particular object surface OF to be measured. Appropriate elements may also be positioned in 
reference beam path RG for compensation. It is also conceivable to design deflecting 

30 elements as active optical elements. The use of such combinations of a plurality of active 
optical elements AOE or AOE 5 in object beam path OG and/or reference beam path RG 
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expands the possible applications of the interferometric measuring device for different 
measuring tasks. 

If signals for generating a non-homogeneous field are applied to, for example, an electro- 
5 optically active optical element AOE, it is also possible to shape the wavefronts in a 

controlled manner and adapt them to the shape of object surface OF to be measured, e.g., 
curved surfaces, in order to be able to project them on a plane. The signals may be supplied, 
for example, using transparent electrodes on the beam transmission surfaces or by positioning 
active optical element AOE on surfaces located to their sides. 

10 

It is also possible to obtain a deformation of the wavefronts by designing active optical 
element AOE or AOE' as a crystal of non-homogeneous optical density similar to known 
GRIN lenses. These crystals in turn may also be activated by homogeneous or non- 
homogeneous fields. In this case, it is also possible to perform error correction in the manner 
1 5 described above. 

If homogeneous electrical fields are used to activate the at least one optical element AOE, the 
wavefront is not influenced during the passage through the element, while it may be 
specifically controlled locally by applying a non-homogeneous field, thus making it possible 

20 to expand the applications of the interferometer. Combining a plurality of active optical 

elements AOE or AOE' which are activated by the same or different voltage signals expands 
the possible applications even further, because it is possible to deform the wavefronts more 
strongly or more specifically and it is also possible to expand the depth scanning range. For 
example, the properties of divergent and convergent lenses may be produced and combined in 

25 different ways. 

The measures described make depth scanning of object surface OF possible without a 
mechanical movement using mechanical actuating mechanisms. 



